Abstract Teamwork contributes to a considerable improvement in quality and quantity of the ultimate outcome. Collaboration and alliance between team members bring a substantial progress for any business. However, it is imperative to acquire an appropriate team since many factors must be considered in this regard. Team size may represent the effectiveness of a team and it is of paramount importance to determine what the ideal team size exactly should be. In addition, information technology increasingly plays a differentiating role in productivity and adopting appropriate information sharing systems may contribute to improvement in efficiency especially in competitive markets when there are numerous producers that compete with each other. The significance of transmitting information to individuals is inevitable to assure an improvement in team performance. In this paper, a model of teamwork and its organizational structure are presented. Furthermore, a mathematical model is proposed in order to characterize a group of sub-teams according to two criteria: team size and information technology. The effect of information technology on performance of team and sub-teams as well as optimum size of those team and sub-teams from a productivity perspective are studied. Moreover, a quantitative sensitivity analysis is presented in order to analyze the interaction between these two factors through a sharing system.
Introduction
Productivity is a proof of total efficiency of production process and also a subject of maximization. It is determined by comparing the quantity of output and input and is also considered to be a significant measure of any economy, industry, and company's development. However, it requires an appropriate identification of real inputs and outputs within a business. Productivity is one of the considerable concerns of engineering management, so that it has been causing companies to follow procedures of collecting and analyzing data in order to evaluate their performance. Productivity improvement stems from a certain degree of complex interaction among factors. Teamwork and IT are two decisive factors which may cause immediate effect on the way productivity can be improved. Investing in ICT capital increases firm productivity by increasing the productivity of labor (Kılıçaslan et al. 2017) .
Historically, teamwork has been defined as a process of working collaboratively within a group of individuals when team members pursue an identified goal. Teamwork is an integral part of progress in today's world. It has increasingly become prevalent among enterprises to benefit from teamwork. However, team members play a prominent role in consequences of teamwork. Every team member has particular responsibilities in order to accomplish tasks.
Information technology (IT), typically, refers to a set of applications to transmit, save, recover, and report data in the context of a business. However, it is mistakenly used in reference to personal or home computers. It actually involves all facets of managing information, data manipulation, and data storage architectures and methodologies. IT may contribute to improving organizational performance and productivity by assuming different variables. IT is a broad subject concerned with a range of attributes from personal computing and networking to information sharing system (ISS) within an organization. ISS consists of all layers of system from hardware to database and data management techniques. It is shown that the impact of IT capital on productivity is larger by about 25-50% than that of conventional capital. This contribution of IT capital is higher than that of non-ICT capital for small sized and lowtech firms (Kılıçaslan et al. 2017) .
Team size is an effective parameter in teamwork. Studies in this field have shown that as team size increases the outcome will improve. However, team size contributes to productivity, but after a certain point the law of diminishing returns occurs which means adding to the team members will not result in a better team performance and improvement in productivity because of the irrational additional team size. Value-added analysis may be the solution in this regard.
In this research, a mathematical model is proposed to explain how teamwork may affect the productivity while considering information technology and optimized size of team and sub-teams as two effective factors. Teamwork may be processed within either a team or a group of subteams. In this study, a team with a group of sub-teams is presented. Furthermore, the size of team and sub-teams are investigated.
The related work is categorized according to two primary themes: productivity affected by teamwork and productivity affected by information technology. The following subsections address the mentioned research interests.
Productivity affected by teamwork
Literatures on efficiency and productivity mainly focus on relations between teamwork and productivity and the importance of team size is not addressed. Stewart and Barrick (2000) examined data from many different teams including individuals and supervisors to resolve the appropriate structure. They studied the relationships between all characteristics and performances for both conceptual and behavioral tasks and how the nature of the tasks may affect the consequences. Salas et al. (2008) reviewed the developments in team performance in five recent decades. They studied the shared cognition, team training, and task environments mainly from a human factor perspective. Moses and Stahelski (1999) studied the relation between productivity in an aluminum plant and problem-solving teams. Five productivity measures and four time periods in 1980s and 1990s were analyzed and significant and non-significant changes between the time periods were evaluated. The results were compared with three factors, technology improvements, changes in the price of finished aluminum, and changes in the number of employees. It was concluded that the study was not affected by those factors. Hatcher and Ross (1991) used different methodologies to analyze the changes in a transition from individual piecework plan to a gain-sharing plan at a company. The data observed in 4 years of operating presented a decrease in grievances and increase in final quality. Galegher and Kraut (1994) studied contingency theory to prove the difficulties of computer-based communication in order to reach complex collaborative work. A group of 67 MBA students was considered to do two writing projects in three different conditions; Computer, Computer plus Phone, and Face-to-Face. That study presented the difficulty of tasks which involve ambiguous goals, multiple perspectives, and multi-interpretation information using contingency hypothesis. Powell (2000) modeled a production process including variable processing times for different tasks in order to determine the optimal size of teams. In this research, the conditions under which assigning small tasks to individuals in comparison with assigning complex tasks to large teams were addressed. It was found that depending on the parameters different structures may be preferred.
Productivity affected by IT
IT has received increasing academic attention in the last two decades. Explained ahead, improving IT may cause improvement in efficiency. Bharadwaj (2000) studied IT capabilities and firm performance based on experiments by using a matched-sample methodology and ratings. IT resources in the area of firm were categorized into IT infrastructure, human IT resources, and IT-enabled intangibles. It was demonstrated that firms with high IT capability may contribute to cost-based performance measures. Whelan (2002) examined the importance of IT in general and computer in particular in productivity, calculated the computer-usage effect in US economic growth, and developed a theoretical framework to study the technological obsolescence. Bartel et al. (2005) presented new empirical indications regarding the investments in new computer-based IT and productivity. In this research, a set of data was reviewed to examine the effects of new IT on production innovation, process improvements, employee skills, and work practices. The authors showed how new IT adoption may be defined more than new equipment installation. Furthermore, IT was studied as a factor which alters business strategies, improves the efficiency of production process, and increases the skill requirements of members. Badescu and Garcés-Ayerbe (2009) collected data from 341 medium size and large firms to evaluate the effects of investment in IT on productivity by using a Cobb-Douglas function. In this research, the effect of IT was categorized into firm-specific and period-specific and a significant improvement in productivity derived from IT was not observed within the defined time periods. Dehning and Richardson (2002) developed a model to assess investment in IT based on the data gathered from firm accounting and market performance. However, the relation between IT and business process on one hand, and business process and firm performance on the other hand were examined. Furthermore, the effects of contextual factors on performance of IT and IT management on performance of firm were reviewed. Wu et al. (2014) focused on two main concerns, information sharing and collaborative effort but in a supply chain context and identified the rudiments of implementing them in terms of issues related to partner exchanges including trust, commitment, reciprocity, and power. Finally, a positive relation between set-based variables, information sharing and collaboration, and supply chain performance was concluded. Marti 9nez-Lorente et al. (2004) presented a survey-based research on the significant relationships between information technology (IT) and total quality management (TQM). However, the survey was conducted within the largest industrial companies in Spain and the results showed that intensive IT users observe the effect of IT on their TQM dimensions more significantly. Shao and Lin (2016) evaluated the performance of IT service industries of Organization of Economic Cooperation and Development (OECD) countries by using Malmquist Productivity Index (MPI) as a metric and Stochastic Production Frontier (SPF) as an approach and an annual rate of 7.4% growth in productivity in IT service industries was observed. The reported growth in productivity was mainly caused by technological advance process of IT services. Jones et al. (2011) studied the impact of implementing an Enterprise Resource Planning (ERP) system in a retail chain and firm and employee effects of an appropriate information system. It was found that employees need to be informed of implementation of such an information system and the negative outcomes associated with them.
These literatures on productivity only deal with the approaches and models considering either IT or teamwork, and did not present the effect of both issues on production. Explained ahead, there are few researches considering both IT and teamwork at the same time. Tohidi and Tarokh (2006) studied the effect of changing IT on team output. They described the best coordination to increase team output and provided a good example of a team including two assembly lines and a supervisor. In addition, they categorized the factors which impact on coordination to hardware and software. In their research, they addressed the appropriate combination of those two factors from the output perspective. They proposed and analyzed a mathematical model in which productivity is driven by teamwork and information technology. They presented a sensitivity analysis to examine how IT and team size may increase the ultimate output. To the best of our knowledge this work is one of few studies about productivity considering both IT and teamwork. However, a structured model for a team with sub-teams has been lacking. The rest of the paper is organized as follows: first of all a model of teamwork is proposed. Then a mathematical model is produced. After that, interaction between IT and sub-teams is presented. To show the results of the paper as well as possible a sensitivity analysis is prepared in the next step. Finally, conclusion remarks are presented.
The proposed model and problem statement
Each team member affects output by collaborating with other team members to pursue team objectives. Coordination between team members is expected to lead to a considerable output. The issue of concern is how we can provide the best coordinated teamwork to improve output. With additional effort, according to the law of diminishing returns it will result in a decrease in output. This should be studied in order to determine the optimum size of each subteam, and value of information related to each individual to benefit from a better collaboration.
As depicted in Fig. 1 , in the presented model we assume a team size of n which contains m subgroups with n s individuals in each of them producing product X. If several options were available in order to improve IT, the most cost-effective scenario would be the one with a combination of improving IT and increasing team size.
If the cost of adding new members to the team is more than the cost of improving IT, focusing on IT will be the best decision.
If the product demand is constant, organizations may achieve efficiency by investment in IT, and reducing the team size.
The above discussion has highlighted the importance of investment in IT. By doing so, the coordination and collaboration of activities among team members or sub-teams are facilitated.
The model assumptions are as follows:
• Sizes of sub-teams are the same.
• Each member spends their time on either production or information processing.
• IT as a parameter affects individuals and sub-teams in order to develop the output.
• There is exceptional value for the most effective coordination between individuals and sub-teams.
• Changes in IT contribute to changes in output.
• There is a one-to-one relation between each unit of product, IT, and team size.
• Individuals and sub-teams process all information received from other individuals and sub-teams, respectively.
• One unit of information is processed within one or less than a time unit.
The question that needs to be addressed is: how will you be able to predict the effect of IT on output and appropriate size of each sub-team by a mathematical model?
Mathematical model
In this study, a mathematical model to evaluate the performance of a team associated with IT and optimized size of sub-teams is presented. Consider a team member who splits his/her time between information processing and production. Suppose that if one unit is exclusively dedicated to production, exactly one unit of output is produced. There is also exactly a unit of information generated, per each unit of output (Tohidi 2006) .
It is assumed that a unit of information takes less than one unit of time to be produced. The time required to produce a particular piece of information by individuals is longer than the time consumed by team members if they work as a team to generate the same piece of information.
The model parameters are as follows:
• n: Team size.
• n s : Size of each sub-team.
• m: Number of sub-teams.
• a: The rate of processing information created by members of a sub-team regarding the production.
• b: The rate of processing information created by another sub-team.
• t 1 : The period of time required to create a report regardless of its size.
• t 2 : The period of time required to generate a report.
• X n s ð Þ: A fraction of the time that each member may spend on production after processing the information received from the other members of a sub-team (Tohidi 2008 ).
• p n ð Þ: The quantity of production of a team during one time period (Tohidi 2008) .
It is assumed that the value of a is greater than the value of b and both variables are positive and less than 1. On the other hand, the coordination between internal sub-team requires more work than sub-teams coordination. Team size n is always more than sub-team size n s .
0\b\a\1 ð1Þ
As was discussed earlier, each individual spends his/her time on either information sharing or production. Individuals spend a fraction of their time on processing information received from others and spend the rest of their time on production which is defined by X n s ð Þ and calculated by the following equation:
Equation (3) is simplified to Eq. (4).
The fraction of the time that each member may spend on production X n s ð Þ is between 0 and 1.
The optimum size of a sub-team is determined by the following equation, which is derived from Eq. (4).
In Fig. 2 , it can be seen how sub-team size, the rate of processing information created by other sub-teams, and team size are interrelated and the following observations can be expressed.
When a approaches b, it means the time it takes to
process information created by members of a sub-team approaches the time to process information created by another sub-team, the optimum sub-team size goes to n, pointing that team dividing does not provide any benefits. 2. As the constant time to process a report approaches 0, the optimum sub-team size approaches 1 That is, each team member becomes a sub-team of size one, pointing to perfect specialization on part of the individuals. 3. When size of a team increases, an efficient sub-team size is the result. So there will be a trade-off between team members coordination and sub-teams coordination. By adding sub-teams to an organization, the coordination endeavor will increase since they will enhance the volume of information that needs to be processed.
The optimum quantity of production is a function of team size and X n Ã s
À Á
. It is concluded that by adding to the team members, productivity increases.
Theorem 1 P n Ã s n ð Þ is a monotonically and increasing function in n for all values of 0 \ b\a \ 1.
where R and S are calculated by Eqs. (9) and (10).
Hence, P n Ã s n ð Þ is monotonically increasing function in n.
Theorem 1 indicates that team output can be increased by adding members to the team. However, the marginal product of team members is decreasing due to the increased coordination effort required, so that, for each added team member, there is a smaller and smaller increase in output. Beyond some value of n, the marginal cost of an additional team member exceeds the marginal value of the team's production (Tohidi 2006) .
Theorem 2 For all values of
Proof From Theorem 1, P n Ã s n ð Þ is a concave and monotonically increasing function of n. Also,
Hence, P n Ã s n ð Þ is a bounded function.
The practical implication of Theorem 2 is that the maximum total production of a team during one time period depends on the speed at which the team members can coordinate their activities with their peers. To increase the team's maximum production capacity, it is necessary to change the communication and processing technology (i.e., decrease the value of a and b) or the work has to be reorganized so that each team member does not process all of the information provided by the other members (Tohidi 2008) .
Theorem 3 The marginal product of team size is asymptotically zero. According to Eq. (13), if taken to a certain extent, adding to the team members may not result in productivity. Therefore, in order to increase total production units information sharing will need to be improved.
It can be understood from Eqs. 8 and 13 that management can grow the organization output by adding to the team members. Interaction between IT and sub-teams IT system may change team members' interactions through changing in one or some of the three information parameters a, b and t 1 .
The derivative of sub-team size with respect to IT parameter a is calculated in Eq. (14).
The value of dn Ã s by da is negative. dn
Equation 15 indicates, when sub-team's communication capabilities develop, the size of sub-team increases. Figure 4 shows how dn Ã s da , the rate of processing information created by other sub-teams, and team size affect each other.
The derivative of sub-team size with respect to IT parameter b is calculated in Eq. (16).
The value of dn Ã s by db is positive. dn
Equation 17 indicates, as the inter-sub-team coordination is simplified by using the new technology, the optimum sub-team size decreases. Figure 5 shows how dn Ã s db , the rate of processing information created by other sub-teams, and team size affect each other. The derivative of sub-team size with respect to the period of time required to create a report regardless of its size is calculated in Eq. (18).
The value of dn Ã s by dt 1 is positive. dn
Equation 19 indicates as the time spent to process the information, the coordination time of tasks decreases, the size of organizational units will change. This change depends on changing the three information parameters. Of course, in all cases the coordination time decreases and the time spent on production increases. 
Sensitivity analysis
Equations 15, 17 and 19 emphasize the significance of investments in IT. By investing in IT that simplifies activities coordination among team members, the organization's production can be increased by management. The IT investment that adds intra-sub-team coordination, improves inter-sub-team coordination, or both. The suitable combination of investments depends on the labor cost, the task, and the price of the product at which the organization can sell.
Once the parameters, variables, and equations are defined and the results are obtained, a sensitivity analysis is performed to validate the presented mathematical model. The sensitivity analysis is developed in order to identify the variable which has the highest impact on the outcome of the model.
Three trials are reviewed and their numerical results are analyzed. The rate of processing information created by other sub-teams (b) and team size (n) are varied in turn while the other variables remained the same. The results of the 2nd and 3rd trials are compared with outcomes of the 1st trial to determine how team size and information sharing system among sub-team members may affect the consequences, respectively.
As depicted in Table 1 , in the original trial a team size of 21 is studied when the rate of processing information created by other sub-teams equals 0.03. According to the model, this team contributes to 9 units of product X. In the next trial, in order to increase P n ð Þ from 9 to 12 units, team size needs to be changed to 54 while keeping the other variables unchanged. In the last trial, 12 units of product were obtained by improving information sharing system among sub-team members from 0.03 to 0.006. In other words, the same level of production may be achieved by 80% improvement in IT instead of adding 33 members to the team which is almost 157% more than the original team size.
Conclusion
In this study, a mathematical model has been proposed through which team performance was overviewed. The model is aimed at saving costs and improving productivity by collaboration and coordination of individuals within sub-teams and sub-teams within the whole team. Such a team is difficult to build and maintain, and it requires determining of optimum team size and sub-team size and the role that IT may possibly play. It has been found that productivity increases with the increment of team size. However, increasing team size is not always cost-effective; beyond a certain point the cost of adding to the team members exceeds the value added to productivity. Investment in IT may also result in improvement in productivity. Hence, there should be a balance between increasing team size and improving IT in order to improve productivity. It is concluded that same numbers of product units may be attained by improving IT and increasing team size. Therefore, IT is an alternative for increasing team size. In summary, if improving information sharing system is more cost efficient then adding to the members of sub-teams and team is not the best scenario. It is also concluded that if we separate a team into subteams and invest in IT, the efficiency and capacity of organization will be increased. Those interested in further studies in this research may investigate the methodologies and estimation approaches and measurement of IT parameters. Another future work in this research would be searching and providing an appropriate model which could be applied to a team with structured sub-teams, under the specific circumstances. There might be many uncertainties in more progressive cases in practice. Hence, the experiment may be further extended to test the improvement of productivity by increasing team size and IT using fuzzy logic.
